Introduction
Large amounts of lingocellulosic waste are generated through forestry, agricultural practices, timber industries, textile due-stuff industries and mainly due to paper-pulp industries. These wastes contain compounds which are non-degradable by conventional treatment methods and pose severe environmental pollution problem [1] . The un-aesthetic persistent dark brown or black colour in the released paper and pulp industrial effluent is due to dissolved lignin based synthetic, aromatic and chlorinated compounds derived from the blow heat condensate, pulp decker washing, chlorine and alkali bleach waste, black liquor spillage and foul evaporator condensate. Lignin and its derivatives are difficult to degrade because of the linkages within the molecule especially the biphenyl type carbon-to-carbon linkages [2] . Chemical recovery is not carried out in small paper mills due to economic reasons [3] . The brown color of the effluent may increase water temperature and decrease photosynthesis which may lead to decreased concentration of dissolved oxygen. The growing awareness regarding environmental issues and their potential health hazards caused by polluted industrial waste water has prompted many countries to impose certain limits on the discharge of improperly treated or untreated effluents.
Lignin biodegradation is responsible for much of the natural destruction of wood in use, and it may have an important role in plant pathogenesis. On the other hand, potential applications utilizing lignin degrading organisms and their enzymes have become attractive, because they may provide environmental friendly technologies for the paper pulp and various other industries [4] . Lignin is an insoluble polymer; therefore, the initial steps in its biodegradation are extracellular. Due to its hydrophobicity and complex random structure that lacked the regular hydrolysable bonds, lignin is poorly degraded by most of the microorganisms. The organism known to extensively degrade lignin is fungi and to a lesser extent, certain actinomycetes and bacteria [5] .
Paper-pulp mill industries as well as textile dye based industries release effluents having characteristic dark colour. In case of paper pulp effluent the color is due to lignin while for textile dye-based effluent it is due to various dyes mainly of azo group or mixture of dyes [6] . Both lignin and azo group dyes have a complex structure and are considered as recalcitrant compounds [7] . These effluents are discharged in natural water bodies causing water pollution due to their intense undesirable color. [8] . Thus, Lignin peroxidase enzyme system can be applied for biobleaching of these colored effluents. The present study focuses on biobleaching and biodegradation of paper pulp mill effluent by bacterial isolates applied as axenic cultures as well as in mixed consortium.
II.
Materials And Methods
Enrichment, isolation and acclimatization of the lignolytic bacteria
Enrichment and isolation of lignolytic bacteria were done by using various sample sources like rhizosphere soil with cow dung, lake water containing decomposing plant material, compost feedstock, decaying bark sample-scraps of decaying bark with crushed termites and Industrial effluent. The soil extract used for enrichment, isolation and acclimatization of the lignin degrading bacteria contained g/L, soil (40), D/W (960), settled for 1 hour. Clear supernatant (extract) was collected, autoclaved and stored in sterile bottle for further study. 1% Lignin soil extract agar medium containing (ml/100ml): soil extract (99); lignin (1); H 2 O 2 (0.1 mM), antifungal-Fungdid B and agar agar, (2.5g) was prepared, pH adjusted to 7, autoclaved at 15 lbs for 15 min. Similarly, for acclimatization of the isolates, 2.5%, 5% and 10% v/v soil extract lignin agar media were prepared using 2.5 ml, 5ml and 10 ml crude lignin in 97.5ml, 95 ml and 90 ml soil extract. All the other components of the media remained same.
The five enriched samples were poured on lignin agar medium. The plates were incubated at 30 0 C for 4-5 days. Each plate was examined for number of isolates and single isolated colonies were sub-cultured to obtain pure culture of selected isolate. All the isolates were then inoculated in 100 ml of 1% lignin broth separately to check the decolourization of lignin. All the flasks were incubated at 30 0 C, 120 rpm for 3-4 days in a shaker incubator and checked for biobleaching visibly by comparing with un-inoculated control. The isolates were acclimatized at higher concentration of lignin to enhance their lignolytic activity on the same media with increasing concentration of crude lignin like 1%, 2.5%, 5% and 10% v/v and checked for qualitative lignolysis.
Characterisation and identification of potent isolates
Potent isolates White and Orange showing positive lignolytic activity were identified by using morphological and biochemical characterization methods at lab scale and using recent tools like API system (Vitek2, Version 6.01).
Biobleaching and biodegradation of paper and pulp mill effluent
Paper-pulp mill effluent was obtained from industrial area of Kolhapur and termed as Black Liquor. The textile dye based effluent was dark reddish brown in colour due to the presence of dyes. Synthetic Lignin was obtained from Sigma Aldrich. Minimal Broth containing 0.1% w/v synthetic lignin was used for cultivation of isolates and biobleaching studies. Biobleaching of Paper and pulp mill effluent was studied at different concentrations of the effluent like 50%, 75% and 100% with minimal broth as a diluent for each of the isolates. Different dilutions of the effluents were prepared, autoclaved and divided into three sets of six flasks i.e., 50 ml effluent dilution for each isolate for each dilution. Antifungal was added to each flask to avoid fungal contamination. Each isolate was inoculated separately in the sterile 50 ml effluent sample as axenic culture along with uninoculated control and mixed consortium and the rate of decolorization were monitored. 5 ml samples were withdrawn aseptically at the intervals of 24hrs, centrifuged at 7000 rpm at 4 0 C and absorbance of the culture supernatant for each of the isolates for each effluent dilution were measured at 280 nm on U.V-Vis. Spectrophotometer U-2900. The activity (% Biobleaching) was calculated using the formula after measuring the absorbance of the respective centrifuged effluents samples for consecutive 5 days. The percentage color reduction was measured as (A 280 on 1st day -A 280 on 5th day/ A 280 on 1st day) x 100 [9] . Absorbance of the control was used as a reference point for calculations and expressed as % biobleaching and biodegradation of the effluent.
Lignin Peroxidase Enzyme (LiP) Assay
Assay solution containing (ml): 50 mM Sodium Potassium Tartarate (pH-4) buffer (1), 0.1 mM H 2 O 2 inducer (0.1), 32 μM methylene blue substrate (1) and enzyme solution (1). The spectrophotometric assay method for the determination of lignin peroxidase activity is based on the demethylation of the methylene blue dye. The method can be efficiently used for the quantification as its sensitivity is close to the veratryl alcohol assay. Methylene blue is used as a substrate and the enzyme lignin peroxidase demethylates methylene blue in the presence of H 2 O 2 (inducer). The final product is a tri-demethylated methylene blue derivative, Azure C and the reaction occurs at pH-7. Methylene blue demethylates to Azure C (leuco). Enzyme activity was measured as percent decolourization of the methylene blue dye. All the isolates were freshly inoculated in 50 ml of 0.1% w/v synthetic lignin broth separately and as mixed consortium and incubated at 37 0 C at 120 rpm for 48 hrs in a shaker incubator to obtain a heavy bacterial growth. About 10 ml of the culture broth of the isolates were taken in cooling centrifuge tubes and the culture broths were centrifuge at 4 0 C at 7000 rpm in centrifuge. After centrifugation the tubes were kept in ice bath without disturbing it and enzyme assay was carried out using the supernatant. Assay solution was incubated at ambient temperature and A 650 was measured. The results were interpreted as the percent decolourization of the methylene blue dye by the enzyme as compared to the control tube calculated as (Ab 650 for control -Abs 650 for test / Abs 650 for control) x 100.
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III.
Results And Discussion
Enrichment, isolation and acclimatization of the lignolytic bacteria
After enrichment and sub-culturing of the lignolytic bacteria, pure cultures were obtained on lignin agar plates (Fig.1) . Some of the isolates were acclimatized on higher concentration of lignin and termed as potent isolates.
Fig.1 Growth of bacteria on lignin-agar medium and lignin decolorization
Total 16 isolates were obtained from various sample sources shown in Table 1 and their lignolytic activity was confirmed by decolorization of lignin agar plates shown in Fig.1 . 
Characterization of Potent Isolates
The two potent lignin degrading bacterial isolates White and Orange obtained based on the lignolytic activity were characterized and identified as Sphingomonas paucimobilis (White) and Corynebactrium jeikeium (Orange) by Vitek 2 system, version 06.01 shown in Table 2 and Table 3 . 
Biobleaching of paper-pulp mill effluent
It was observed that the absorbance was decreased for the consequent days and the colour removal percentage was calculated for each isolate and for the mixed consortium. The colour reduction percent was noticeable as compared to the control on 3 rd day as summarized in the Table 4 . Different dilutions of the effluent i.e. 50%, 75% and 100% were decolorized by the isolates as axenic cultures as well as in mixed consortia and the biobleaching and biodegradation of paper and pulp mill effluent measured by U.V. spectrophotometer at 280 nm were represented graphically as shown in Fig. 2, 3 and 4. 
LiP Assay
The isolates efficiently decolorized methylene blue substrate and significant lignolytic activity was noticed for the isolates Sphingomonas paucimobilis and Corynebactrium jeikeium i.e. 73.45% and 69.27% respectively as shown in Table 5 
IV. Conclusions
In the present study, the application of the lignin peroxidase enzyme as a crude extract of the isolateculture broth was reported as an effective biobleaching and biodegradation tool for the treatment of paper-pulp mill effluent which was measured spectrophotometrically. The isolates Sphingomonas paucimobilis (White) and Corynebactrium jeikeium (Orange) were found to be efficient lignin degraders as compared to the others and showed 91.32%, 86.57%, 84.21% and 83.82%, 82.43%, 78.94% biobleaching when applied as axenic cultures while the mixed consortia being the most effective with biobleaching of 91.61%, 89.47% and 86.84% of the effluent 50%, 75% and 100% respectively.
The maximum biobleaching was observed for the effluent concentration of 50%. Therefore it can be concluded that the dilution of the effluent plays crucial role in the treatment and the possible reason for the effective bleaching of 50% effluent can be the toxic factors which may be present in the effluent were diluted with subsequent dilution of the effluent and thus making it suitable for luxurious bacterial growth and enhanced enzyme synthesis as compared to the others i.e. 75% and non-diluted (100%) effluent concentration. Thus, the application of the isolates Sphingomonas paucimobilis, Corynebactrium jeikeium and their mixed consortium can be an effective tool for the bleaching and biodegradation of paper-pulp mill effluent which can be fast, economical and safe method over the other conventional and hazardous chemical methods .
